Superior vena cava and hepatic vein Doppler echocardiography in healthy adults  by Appleton, Christopher P. et al.
1032 JACC Vol. 10, No.5
November 1987:1032-9
Superior Vena Cava and Hepatic Vein Doppler Echocardiography in
Healthy Adults
CHRISTOPHER P. APPLETON, MD, LIV K. HATLE, MD, RICHARD L. POPP, MD, FACC
Stanford, California
Pulsed wave Doppler ultrasound recordings of blood flow
velocity in the superior vena cava were made in 40 healthy
adults (aged 22 to 69 years) during both normal respi-
ration and 10 second episodes of apnea. The forward
flow velocity pattern was biphasic, with systolic flow
velocity greater than diastolic flow velocity. During ap-
nea, peak flowvelocitiesranged from 32 to 69 cm/s (mean
45.7 ± 8.4) during systole and from 6 to 45 cm/s (mean
27.2 ± 8.3) in early diastole. Systolic flow velocity in-
tegrals also exceeded diastolic values. With atrial systole
(A wave), forward flow velocities were reduced or flow
was reversed. Thirty-nine of 40 subjects had A wave flow
reversal during apnea, and in these the ratio of reverse
to total forward flow velocity integrals ranged from 1 to
16% (mean 6 ± 4%). Compared with values during
apnea, there were higher mean values with inspiration
The jugular venous pulse contour is a valuable clinical tool
in assessing right heart filling dynamics (I). Vena cava flow
velocity curves have been shown to be similar to jugular
venous pulse and right atrial pressure curves using intra-
operative "cuff" electromagnetic flow meters (2), intra-
vascular catheter tip electromagnetic flow probes (3,4) and
Doppler ultrasound flow probes (5). Noninvasive pulsed
wave Doppler recordings of flow velocities in the superior
vena cava and hepatic veins have been compared with right
heart hemodynamics (6) and used to assess the severity of
tricuspid regurgitation (7-9), atrial septal defects (10,11)
and atrial filling after Mustard and Senning procedures (12).
Because these central flow velocities reflect changes in right
atrial pressure contours (2,3) and are easily obtained non-
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and lower values with expiration for velocities and flow
velocity integrals.
Hepatic vein tracings, when adequate (12 of 40 sub-
jects), showed forward flow characteristics similar to
those from the superior vena cava, but with more fre-
quent and larger A wave and ventricular end-systole
(atrial V wave) flow reversals. Superior vena cava flow
velocityvariables were calculated in subgroups to assess
the effects of age, respiratory pattern and increased ve-
nous return.
This study defines normal Doppler ultrasound su-
perior vena cava and hepatic vein flow velocities and
their variation with respiration in healthy adults. These
results can be used for comparison with patterns found
in disease states.
(J Am Coil Cardiol1987;lO:L032-9)
invasively with pulsed wave Doppler ultrasound, they could
be a sensitive and accurate method for assessing right heart
filling dynamics, as suggested by recent studies (13-17)
reporting characteristicpatterns in other cardiac disease states.
Although the clinical utility of Doppler central venous flow
velocities is expanding, normal values for healthy adults
during all phases of the respiratory cycle have not been
described.
Methods
Study subjects. Superior vena cava flow velocity re-
cordings were made in 40 healthy adult volunteers aged 22
to 69 years. All subjects were asymptomatic and had normal
physical and Doppler echocardiographic examinations.
Eighteen of the 21 adults >40 years of age had previously
participated in a I year Stanford-Lockheed Corporation ex-
ercise training program. Admission criteria for this program
included no history of hypertension, normal blood pressure
and physical examination and normal screening treadmill
exercise test. The three remaining volunteers >40 years of
age had normal right-sided hemodynamics at cardiac cath-
eterization, as defined by Fowler (18). All subjects gave
informed written consent to the protocol approved by the
0735-1097/87/$3.50
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Figure I. Schematic diagram of flow velocity curves in the su-
perior vena cava (SYC) and hepatic veins (HY) of normal adults.
Flow below the zero (0) reference line is toward the heart. Both
curves demonstrate the biphasic nature of forward flow. Note that
forward flow velocity associated with atrial relaxation (shaded
area ) begins before right ventricular systole. In addition, the he-
patic vein generally demonstrates fl ow velocity reversal at the time
of the atrial V wave, and a larger flow reversal with atrial systole
(A wave) compared with the superior vena cava. A = flow reversal
with atrial systole; ECG = electrocardiogram; Phono = phono-
cardiogram; P + 60 = onset of P wave plus 60 rns: TYC =
tricuspid valve closure: TVf) = tricuspid valve opening; V =
forward flow nadir or reversal at end-systole (atrial V wave); .r and
y = descent waves following the A and V waves, respectively,
labeled for analogy to the atrial pressure curve.
was defined from 60 ms after the onset of the P wave to
tricuspid valve closure. This point was chosen because it
marks the onset of mechanical atrial systole and correlates
with minimal forward flow or reversal of diastolic venous
flow (2). Heart rate and PR intervals were determined from
the electrocardiogram.
Flow velocity integrals fo r the three phases defined f or
each heart cycle , as well as the percent of total forward
fl ow velocity integral occurring during each phase, were
measured. These values and mean values for peak instan-
taneous systolic and diastolic velocities were calculated for
inspiration, expiration or apnea. Peak reverse velocities and
reverse flow velocity integrals coinciding with atrial systole
(A wave) and ventricular end-systole (atrial V wave) were
also determined when present, and the ratio of reverse flow
velocity integral to forward tlow velocity integral was cal-
culated fix each phase of respiration.
Subgroups. Four subgroups were defined to assess the
effects of age, respiratory pattern, increased venous return
and location of Doppler ultrasound sample volume on the
measured variables. The 40 subjects were categorized by
age: 22 to 40 years (n = 19) and 42 to 69 years (n = 21).
The effect of deeper breathing was evaluated in 20 randomly
chosen subjects by comparing three cycles of postapnea
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*We found pulsed wave Doppler ultraso und esse ntial to avoid inter-
ference from other vessels and obtain the most accurate recordin gs. A
sample volume depth at 5.5to 7. 2 cm from a supraclavicular window with
the patient supine consistently gave the best super ior vena cava tracings .
A low wall filter selling must be used for all venous recordings to avoid
mask ing low velocity flow reversal.
Committee for the Protection of Human Subjects at the
Stanford University Medical Center.
Doppler ultrasound recordings. These were made with
the subject in the supine position, using an Irex Exemplar
ultrasonograph with simultaneous recording of the electro-
cardiogram, phonocardiogram and respiration. From a su-
praclavicular window, pulsed wave recordings were made
with a nonimaging 2.0 MHz transducer and a filter of 12
cm/s. Sampling depth was standardized at 5.5 to 7.2 em,
and recordings from the suprasternal notch, lateral to and
between the heads of the sternomastoid muscle were ex-
amined for the highest velocities. Flow velocity recordings
were made during both quiet respiration and 10 second
episodes of open glottis apnea. The paper speed was 50
mm/s.*
Hepatic veins were examined with a 2.5 MHz imaging
transducer using a subcostal view. By orienting the trans-
ducer parallel to the spine, an image of the inferior vena
cava was obtained. Using methods similar to those of Pen-
nestri et al. (8), the right superior hepatic vein was identified
and the Doppler sample volume was placed in the vessel,
I to 2 em proximal to its junction with the inferior vena
cava. The intercept angle between the sound beam and he-
patic vein long axis was estimated at ::;15°. Flow velocity
curves were judged adequate for examination only when
clear signals could be recorded during all phases of respi-
ration.
The venous flow velocity recordings were analyzed using
a digitizing pad interfaced with a computer program de-
signed to measure time intervals, maximal and minimal
forward and reverse flow velocities and flow velocity in-
tegrals and slopes. Mean values were obtained using two
beats during inspiration and two beats during expiration for
each of three respiratory cycles. These, together with 3 beats
during apnea, gave 15 beats for analysis in each subject.
Analysis of flow velocity. Venous flow velocity during
each beat was analyzed by dividing the cardiac cycle into
three intervals: ventricular systole, early diastole and late
diastole (Fig. I). Systole was defined as the interval from
tricuspid valve closure to tricuspid valve opening as deter-
mined by Doppler ultrasound tricuspid flow velocity re-
cordings. Tricuspid valve closure was verifi ed by the pho-
nocardiogram. Diastolewasdivided intotwophasestoaccount
for: I) central venous flow in early diastole up to the time
of atrial contraction, and 2) central venous flow with atrial
contraction and relaxation in late diastole. Early diastole
was defined from the tricuspid valve opening to 60 rns after
the onset of the electrocardiographic P wave. Late diastole
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Figure 2. A pulsed wave (PW) Dop-
pler ultrasound flow velocity curve from I
the superior vena cava of a normal
adult (bottom tracing). The upper line
shows respiration, with an upward de-
flection (vertical arrow) indicating
onset of inspiration. Electrocardio-
gram and phonocardiogram are in the --. . - --- . - ~~ .r-
middle. Flow below the zero refer-
ence line is toward theheart. Note that
during apnea (first two beats), there is
a normal biphasic pattern of forward 0.5
flow, with systolic flow velocities
greater than diastolic flow velocities. 0 I
With inspiration, there is an increase I
in both systolic anddiastolic flow ve- 0.5
locities. In the last beat, reversal of
flow with atrial contraction is seen mls
(oblique arrow).
augmented inspiration and expiration to three cycles of in-
spiration and expiration during quiet breathing. In 10 sub-
jects, the effect of increased venous return was determined
by recording superior vena cava Doppler ultrasound tracings
within I minute of passive leg raising to 45°. These tracings
were then compared with those made in the same individual
while supine. Finally, in subjects with adequate hepatic vein
tracings, all flow velocity variables previously defined were
calculated and compared with values obtained from the su-
perior vena cava in the same subjects.
Data analysis. Time intervals, peak flow velocity, flow
velocity integrals and percent of total flow are expressed as
mean ± I standard deviation. Differences in the mean val-
ues for inspiration, expiration and apnea were assessed using
analysis of variance. When the F statistic was significant,
the Neuman-Keuls method was used to determine which
phase of respiration differed from the others. In individuals
with both superior vena cava and hepatic vein recordings,
supine and "legs up" recordings and quiet breathing and
postapnea recordings, differences in mean values were as-
sessed using a paired Student's t test. Finally, differences
between means in the younger versus older group were
assessed using an unpaired t test.
Results
Superior vena cava pulsed wave Doppler recordings.
All 40 subjects had tracings adequate for analysis. The mean
age was 41.0 ± 10.9 years. Mean superior vena cava sam-
pling depth was 6.4 ± 0.4 em. The heart rate during apnea
Table 1. Superior Vena Cava Peak Forward and Reverse Flow Velocity in 40 Healthy Adults
Phase of Respiration
Peak Velocity (cm/s) Apnea Inspiration Expiration
Forward flow
Systole
TVC-TVO Mean 45.7 ± 8.4 53.2 ± 9.7*t 42.5 ± 8.7*t
Range 32.0 to 69.0 34.0 to 81.0 31.0 to 63.0
Diastole
TVO-P Mean 27.2 ± 8.3 33.7 ± 8.6*t 24.1 ± 9.4*t
Range 6.0 to 45.0 18.0 to 57.0 6.0 to 47.0
P-TVC Mean 19.2 ± 6.7 20.9 ± 8.3 17.9 ± 6.1
Range 5.0 to 35.0 4.0 to 37.0 1.0 to 28.0
Reverse flow
A wave Mean 14.9 ± 5.8 8.8 ± 5.6* 14.8 ± 5.0
Range 0.0 to 30.0 0.0 to 20.0 4.0 to 28.0
V wave Mean 0.6 ± 1.8 0.2 ± 0.7 2.0 ± 3.6*
Range 0.0 to 8.0 0.0 to 4.0 0.0 to 14.0
*p < 0.05 as compared with apnea; tp < 0.05 as compared with inspiration or expiration. Values are mean
± I SD in cm/s. A wave = atrial contraction; P-TVC = interval from onset of electrocardiographic P wave
+ 60 ms to tricuspid valve closure; TYC-TVO = interval from tricuspid valve closure to tricuspid valve
opening; TVO-P = interval from tricuspid valve opening to onset of electrocardiographic P wave + 60 ms;
V wave = late systolic atrial wave.
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(65.3 ± 12.7 beats/min) was less (p < 0.05) than during
inspiration (68.3 ± 10.6 beats/min) or expiration (67.3 ±
11.3 beats/min). The mean PR interval (155 ± IS ms) was
similar during all phases of respiration.
Peak velocities, flow velocity integrals and percent of
forward flow occurring in systole. Figure I shows a sche-
matic drawing of a flow velocity tracing and labeling of
waves using the terminology of the atrial pressure tracing.
Figure 2 shows the pulsed wave Doppler flow velocity curve
of the superior vena cava from a supraclavicular window in
a normal adult. Note that, during apnea, there is a normal
biphasic forward flow velocity pattern with systolic pre-
dominance. With inspiration, forward flow velocity in-
creases in both systole and diastole. This increase in velocity
was seen in the majority of subjects, but in some this in-
crease was minimal, and in a few a slight decrease occurred.
Table I shows the range and mean of peak forward superior
vena cava velocities for the entire group. Peak systolic ve-
locities during inspiration were greater than during apnea
(p < 0.05), and values during expiration were less than
during apnea (p < 0.05). A similar trend in peak velocities
during early diastole was also present. Peak forward flow
velocities during late diastole were not significantly different
from those during apnea.
Forward flow velocity integrals (Table 2) for systole,
early diastole, total diastole and total forward flow (systole
plus diastole) were largest for inspiration, least for expi-
ration, with intermediate values during apnea. Of the total
forward flow velocity integral, the mean percent was larger
(p < 0.05) during systole than during diastole for all phases
of respiration, although 4 of the 40 subjects demonstrated
a greater diastolic than systolic flow velocity integral during
at least one phase of respiration. The percent of the total
forward flow velocity integral occurring during systole with
expiration was significantly larger than that during inspi-
ration and apnea (Table 2).
Flow reversals: peak velocities and flow velocity in-
tegrals. In all subjects, minimal forward flow or flow re-
versal was associated with atrial systole (A wave) (Fig. 2
and 3). Reversal of flow with atrial contraction was present
during inspiration in 37 of the 40 subjects, during apnea in
39 and during expiration in all 40. The mean peak reverse
velocity during inspiration was significantly less than during
expiration or apnea (Table I). Values below the filter setting
of 12 cm/s in occasional patients may be due to inaccuracies
in the spectral display and digitization of these low veloc-
ities.
Mean A waveflow velocityintegrals(Table2) were small-
Table 2. Superior Vena Cava Forward and Reverse Flow Velocity Integrals, Percent of Total
Flow Velocity Integral Occurring in Systole and Reverse Flow Velocity Integrals as a Percent of
Total Flow Velocity Integrals in 40 Healthy Adults
Phase of Respiration
Forward flow velocity integrals (em)
Systole
TYC-rvo Mean
Range
Apnea
11.85 ± 2.14
7.65 to 18.30
Inspiration
13.59 ± 2.16*t
9.18 to 19.41
Expiration
11.23 ± 2.13t
7.66 to 17.26
Diastole
TYO-P
P-TYC
Total Tya-TYC
FFYI Total
TYC-TYC
Mean
Range
Mean
Range
Mean
Range
Mean
Range
5.76 ± 2.89
0.87 to 13A5
1.57 ± IAI
OAO to 6.12
7.33 :±: 2.82
2.15 to 15.97
19.16 ± 3.90
11.82 to 30.73
6.81 ± 2.54*t
1.98 to 12.52
2.10 ± 1.44*'1'
0.16 to 5.85
8.91 ± 2.60*'1'
4.27 to 14.37
22.50 ± 3.55*'1'
17.56 to 31.52
4.31 ± 2.70*t
0.27 to 10.87
1.28 ± 0.81t
0.16 to 3.69
5.56 ± 2.91*t
0.71 to 12.12
16.75 ± 4.I7*t
9.42 to 26.72
V Wave
%FFYI Systole
TYC-Tya
Reverse FYI as
%Total FFYI
Mean
Range
Reverse flow velocity integrals (em)
A wave Mean
Range
Mean
Range
Mean
Range
62.8 ± 9.9
46.8 to 88.0
1.03 ± 0.67
0.0 to 2.87
0.02 ± 0.09
0.0 to 0.51
6 ± 4
oto 16
61.7 ± 8.0t
44.8 to 79.6
0.62 ± 0.54*'1'
0.0 to 2.19
0.02 ± 0.06t
0.0 to 0.30
3 ± 3*t
Oto 10
69.5 ± 11.9t
45.7 to 93.2
1.26 ± 0.66*t
0.25 to 2.87
0.22 ± 0.41 *t
0.0 to 1.56
II ± 7*t
2 to 29
*p < 0.05 as compared with apnea; tp < 0.05 as compared with inspiration or expiration. Yalues are mean
± I SD in em or %. FYI = flow velocity integral; FFYI = forward flow velocity integral; other abbreviations
as in Table I.
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est with inspiration, larger with apnea and largest during
expiration. In all subjects, a second minimum of forward
flow occurred at ventricular end-systole just before tricuspid
valve opening (atrial V wave). However, in contrast to atrial
systole, flow reversal at ventricular end-systole was present
in a minority of subjects (2 with inspiration, 4 with apnea
and 13 with expiration), and the maximal velocity of this
flow reversal was 14 cm/s. These V wave reversals were of
short duration and did not exceed one-fourth of systole in
any patient. The percent of reverse to forward flow velocity
integral was 3% during inspiration, 6% during apnea and
II % during expiration (Table 2). The largest reverse to
forward flow velocity integral in any subject was 10% with
inspiration, 16% with apnea, and 29% with expiration.
In two subjects (aged 30 and 40 years) with marked
bradycardia (45 and 50 beats/min, respectively), a flow ve-
locity reversal in mid-diastole was recorded (Fig. 3). This
corresponds to the H wave previously described in jugular
venous pulse tracings with bradycardia (1).
Superior vena cava Doppler recordings. Influence of
age. Mean heart rate, PR interval and superior vena cava
sample depth were similar in both age groups. Systolic peak
velocities were larger in the younger group during inspi-
ration (56.5 ± 10.6 versus 50.3 ± 7.8 cm/s) and expiration
(46.1 ± 9.6 versus 39.3 ± 6.5 cm/s) (p < 0.05). Peak
forward flow velocities during diastole with all phases of
respiration were similar. Although forward flow velocity
integrals tended to be slightly larger in the younger age
group, the difference did not reach statistical significance.
Reverse flow velocities and integrals associated with A and
V waves were similar in both age groups.
Normal versus deep breathing. The effect of deeper
breathing was observed in 20 randomly chosen subjects
(mean age 45.4 ± 9.7 years) by comparing three cycles of
postapnea inspiration and expiration with three cycles re-
corded during quiet breathing. Heart rate and PR intervals
were similar. Systolic peak velocity during postapnea in-
spiration (55.0 ± 8.2 cm/s) was larger than during quiet
breathing (52.3 ± 7.3 cm/s, p < 0.05). Both early and late
diastolic flow velocity integrals were larger (p < 0.05) after
Figure 3. A pulsed wave Dopplerultrasound flow velocity curve
from the superior vena cava in a normal adult with sinus brady-
cardia. Note how the superior vena cava flow velocity resembles
a normal right atrial pressure tracing with A, C and V waves and
x and y descents. The H wave shown by the arrows is a result of
the long diastole associated with sinus bradycardia.
apnea than with quiet breathing. The increased postapnea
diastolic flow resulted in the total inspiratory and expiratory
forward flow velocity integrals also being larger than with
quiet breathing (inspiratory 23.8 ± 3.8 versus 21. 9 ± 3.5
em, expiratory 16.0 ± 4.1 versus 15.0 ± 3.5 ern; both p
< 0.05). Similarly, the percent of total forward flow velocity
integral occurring during diastole was greater after apnea
than with quiet breathing for inspiration (40.2 ± 6.6 versus
37.0 ± 6.4%) and expiration (29.8 ± 10.0 versus 25.1 ±
9.7%) (p < 0.05 for both comparisons). In contrast, no A
and V wave reverse flow velocities and integrals were sig-
nificantly changed during postapnea inspiration.
Influence of increased venous return. In 10 subjects, the
effect of increased venous return was determined by com-
paring superior vena cava Doppler ultrasound recordings
made with the subject supine and within I minute of pas-
sively raising the legs 45°. Although mean forward flow
velocities and flow velocity integrals tended to be larger in
all phases of the cardiac cycle with the legs raised, only
inspiratory peak velocity (26.1 ± 5.4 versus 19.0 ± 6.8
cm/s) and flow velocity integrals during late diastole (3.1
± 1.7 versus 1.8 ± 1.0 em) were significantly different
from supine values (p < 0.05). Velocities and flow velocity
integrals of reversed venous flow were not significantly al-
tered.
Superior vena cava versus hepatic vein Doppler flow
velocity recordings. Twelve (30%) of the 40 subjects had
hepatic vein recordings adequate for analysis. Average age
and heart rate in these individuals did not differ from those
of the entire group of 40 subjects. Mean depth of the pulsed
wave hepatic vein Doppler sample volume was 7.2 ± 1.0
ern. In general, forward flow velocities and flow velocity
integrals in the two veins were similar, except for larger
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total flow velocity integrals (systole + diastole) for the
superior vena cava during inspiration and apnea (Table 3).
The percent values for total flow occurring during systole
and diastole were similar. In contrast, striking differences
were noted when comparing reverse flow velocities and
reverse flow velocity integrals in the hepatic vein with those
in the superior vena cava in each subject. Hepatic vein A
wave reversals of flow were present in all 12subjectsduring
all three phasesof respiration, with peak velocitiesand flow
velocity integrals 1.5 to 2 times larger than values in the
superior vena cava regardless of respiratory phase (Table
3), In general, compared with V wave reversals in the su-
perior vena cava, hepatic vein V wave reversals were also
more frequent (10 of 12 versus 2 of 12 during apnea), of
higher velocity and associated with larger flow velocity in-
tegrals, Therefore, the flow velocity integrals of reversed
venous flow as a percent of forward flow velocity integrals
were two to three times larger in the hepatic vein (14 to
20%) than in the superior vena cava (4 to 10%), depending
on respiratory phase. Figure 1 shows a schematic diagram
of the flow velocity curves of the superior vena cava and
hepatic vein in a normal adult. Both curves demonstrate the
biphasic nature of forward flow, Note that the hepatic vein
recording usually shows a V wave flow reversal, as well as
a larger A wave flow reversal, compared with the superior
vena cava.
Superior vena cava Doppler tracings: slopes. All 40
subjects had superior vena cava tracings adequate for anal-
ysis. The mean value for the x descent (tricuspid valve
closure to nadir of the x descent) was - 2.1 :!:: 0.5 cm/ms'.
The mean value for the y descent was -0.7 ± 0,2 cm/ms".
The mean value for the slope from y nadir to A wave peak
was 1.8 ± 0.5 cm/ms".
Discussion
In this study, no attempt was made to measure volume
flow because the diameter of the superior vena cava is prob-
ably continuously changing with phases of both the cardiac
cycle and respiration. However, changes in flow velocity
have been shown in animal studies (19) to parallel changes
in flow, and pathologic Doppler superior vena cava and
hepatic flow velocity patterns have been associated with
specific cardiac disorders (7-17) and abnormalities in right
heart hemodynamics (6,13-17). Therefore, the purpose of
this study was to establish normal values for both superior
vena cava and hepatic vein flow velocitiesand flow velocity
integrals during all phases of respiration for future com-
parison with values obtained in cardiac disease states.
Superior vena cava Doppler recordings. As previously
reported (2-5,20) the normal superior vena cava forward
flow pattern is biphasic, with peak systolic flow velocities
and flow velocity integrals greater than peak diastolic flow
velocities and flow velocity integrals (Fig. 2). However,
forward flow associated with systole actually starts before
tricuspid valve closure (Fig. I and 2). This forward flow
probably is a consequence of atrial relaxation and was pres-
ent in all subjects. The mean flow velocity integral during
this latediastolic interval (P wave to tricuspid valve closure)
is approximately 25% of the total diastolic flow velocity
Table 3. Reversal of Flow in the Superior Vena Cava and Hepatic Vein, Peak Reverse Flow
Velocity, Reverse Velocity Integrals and Percent of Reverse to Forward Flow Velocity Integral
Phase of
Respiration
Apnea
Inspiration
Expiration
Yariable
PY V wave
PY A wave
FYI V wave
FYI A wave
FYI A and V
% RF/FF
PY V wave
PY A wave
FYI V wave
FYI A wave
FYI A and V
% RF/FF
PY V wave
PY A wave
FYI V wave
FYI A wave
FYI A and V
% RF/FF
Superior
Vena Cava
n.7 ± 1.8
14.8 ± 5.3
0.07 ± 0.17
075 ± 0.53
082 ± 0.49
5.0 ± 2.0
0.7 ± 1.9
14.8 ± 5.3
0.07 ± 0.17
0.62 ± 0.60
0.67 ± 0.60
4.0 ± 3.0
1.4 ± 2.1
13.2 ± 7.7
0.31 ± 0.49
1.21 ± 0.73
1.52 ± 0.85
10.0 ± 7.0
Hepatic Vein
7.0 ± 8.2*
21.2 ± 6.7*
0,48 ± 0.61
1.73 ± 0.69t
2.21 ± 1.20t
19.0 ± 9.0t
7.0 ± 8.2*
21.2 ± 6.7*
0,48 ± 0.61
1.66 ± 0.69t
1.86 ± 0.80t
14.0 ± 7.0t
6.5 ± 5.2*
23.6 ± 6.3*
0.56 ± 0.61
2.03 ± 0.97t
2.59 ± 1.53t
21.0 ± 9.0t
*p < 0.05, tp < 0.01, as compared with the superior vena cava. Values are mean ± I SD in cm/s (PY),
ern (FYI) or %. PY = peak reverse velocity; RF/FF = flow velocity integral in the reverse direction expressed
as a percent of total forward flow velocity integral; other abbreviations as in Table I.
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integral (Table 2). In four subjects, this contribution was
large enough to result in the total diastolic flow velocity
integral being larger than the systolic flow velocity integral
during at least one phase of respiration.
Mean peak forward flow velocities and flow velocity
integrals in both systole and diastole generally increased
with inspiration and decreased with expiration compared
with those during apnea. However, in some individuals, the
increase in velocity with inspiration was minimal, and in a
few, a slight decrease in velocity occurred, especially on
the second or third inspiratory beats. In these subjects, di-
lation of the superior vena cava with inspiration (19) may
have resulted in little change or a decrease in velocity even
if volume flow was increasing.
Minimal or reversed velocities in the superior vena cava
occurred with atrial systole (A wave). Using our methods,
all subjects had A wave flow reversal with expiration, and
nearly all had reversal during apnea and inspiration. The
peak velocity and flow velocity integral associated with A
wave reversals were less during inspiration than during ex-
piration or apnea. A reduction or reversed velocity also
occurred at ventricular end-systole at the time of the right
atrial pressure V wave. In contrast to the A wave, the V
wave demonstrated flow reversal in only a few normal adults
and it was of low velocity and short duration. Taken to-
gether, the A and V wave reversals resulted in the percent
of mean forward to reverse flow velocity integrals being 3%
in inspiration, 6% with apnea and II % in expiration.
Superior vena cava flow velocity. Age-related changes.
The 40 subjects were divided into a younger and an older
group, and peak systolic velocities during inspiration and ex-
piration were higher in the younger group. Although total
systolic and diastolic flow velocity integrals tended to be
larger in the younger group, mean values did not reach
statistical significance. For reverse flow, peak velocities and
flow velocity integrals were similar. Therefore, minimal
differences between superior vena cava flow velocity patterns
were found between younger and older subjects. The smaller
inspiratory and expiratory systolic peak velocities in the
older group might reflect a decrease in right atrial systolic
function or compliance, or both, though this is speculative.
Effect of deeper breathing. Deeper breathing appears to
increase superior vena cava diastolic flow more than systolic
flow, perhaps because diastolic filling is "passive" and
inspiration results in a greater decrease in right ventricular
diastolic pressure than in right atrial systolic pressure. It is
possible that systolic atrial filling (superior vena cava sys-
tolic flow) is a more "active" process that depends more
on atrial and ventricular function than on intrathoracic pres-
sure changes and is, therefore, affected less by respiratory
changes. Postapnea flow reversals were not different from
those during normal respiration.
Effect of increasing venous return. Passively raising the
legs to 45° significantly elevated only peak velocity and
flow velocity integrals in late diastole (P Wave-tricuspid
valve closure interval). All other forward and reverse flow
velocities and integrals were unchanged. Therefore, this
maneuver in normal individuals has little effect. This may
be because leg raising does not sufficiently increase venous
return to detect a change in the superior vena cava flow
velocity, or because the mobilized volume is redistributed
to other circulatory compartments before recirculation reaches
the superior vena cava.
Superior vena cava versus hepatic vein Doppler reo
cordings. In the 12 subjects, comparison of hepatic vein
tracings with superior vena cava recordings (Table 3) showed
that higher velocity of forward flow in systole and total
forward flow velocity integrals were greater in the superior
vena cava than in the hepatic vein. In contrast, reverse flow
velocities and flow velocity integrals associated with atrial
A and V waves were markedly larger in the hepatic vein.
In addition, the percent of patients with V wave flow reversal
was higher in the hepatic vein than in the superior vena
cava, resulting in a larger ratio of reverse to forward flow
velocity integrals during all phases of respiration (14 to 20%
versus 4 to 10%, respectively). Possible reasons for the
increased hepatic vein flow reversal may include closer
proximity to the right atrium or reduced hepatic vein vas-
cular compliance because of surrounding hepatic paren-
chyma. Another possibility is that the subdiaphragmatic lo-
cation of the hepatic vein might "blunt" respiratory changes
in intrathoracic pressure, creating different pressure rela-
tions between the right atrium and the two large veins. A
lesser change in vessel diameter with inspiration may also
explain why an increase in forward flow velocity in the
hepatic vein was recorded in all subjects, compared with
the superior vena cava where minimal change or a slight
decrease in velocity on inspiration was seen in some indi-
viduals. Patient position was not a factor, as all recordings
were made with the patient supine.
Comparison with other studies. Our findings regarding
superior vena cava and hepatic venous flow velocity curves
agree with a number of previous studies using various mea-
surement methods. The biphasic pattern, with greatest ve-
nous flow during ventricular systole, is well recognized
(2-6, II ,20). Reverse (5, II ,20) or minimal (6,10) flow with
atrial contraction also has been previously described. In
studies where atrial flow reversal was uncommon (6,10),
Doppler ultrasound sampling was done in the jugular venous
system, not in the intrathoracic superior vena cava. Cohen
et al. (20) reported superior vena cava blood flow velocities
and flow velocity integrals in adults, using pulsed wave
Doppler recordings that were smaller than those observed
in our adult subjects. Because depth of recording was not
specified and respiratory variation was not studied, com-
parison of measured variables is not possible. However,
qualitatively, the flow velocity recordings are similar. Pen-
nestri et al. (8) studied hepatic vein Doppler ultrasound
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tracings in 39 normal adults and found that adequate re-
cordings were present in only 70% because of small venous
diameter. A hepatic flow V wave was described in 46% of
their subjects. Although the percent of healthy adults with
adequate hepatic vein recordings (30%) in our study was
lower than in that report, this is probably because a good
signal during all phases of respiration was required for in-
clusion in this study. Sivaciyan and Ranganathan (6) found
that all patients with systolic forward flow greater than di-
astolic flow had normal right-sided hemodynamics.
Clinical applications. Recently, superior vena cava flow
velocity patterns when recorded with simultaneous respi-
ration have been reported as being easily performed, and a
sensitive means for noninvasively recognizing right heart
fillingand pressure abnormalities in patients with congestive
(13) and restrictive (14) cardiomyopathy and patients with
pericardial effusion (15). In addition, central venous flow
velocity patterns may help differentiate constrictive peri-
carditis from restrictive cardiomyopathy (16). In cardiac
transplant patients, inspiratory superior vena cava tracings
may be an indicator of impaired right heart filling , which
is independentof the volume status and right heart pressures
of the patient (17). These patterns may also become a val-
uable noninvasive clinical tool in assessing the effect on
right heart filling of disorders such as pulmonary hyperten-
sion, obstructive pulmonary disease and congenital heart
disease.
Conclusion. This study confirms the biphasic nature of
superior vena cava flow, with peak velocities and flow ve-
locity integrals greater during systole than diastole. The
majority of normal adults show a superior vena cava atrial
A wave flow reversal that decreases with inspiration and
increases with expiration. Superior vena cava atrial V wave
reversal is rarely present in normal adults, except during
expiration. Flow velocity recordings from the hepatic vein
show more frequent and larger atrial A and V wave reversals
than those from the superior vena cava during all phases of
respiration. When obtained in a similar manner and with
respiration recorded, superior vena cava and hepatic vein
flow velocity tracings are useful for comparison with pat-
terns found in a variety of cardiac disease states (7-10,12-17)
and should have expanding clinical application in the future.
We thank Bruce Director for design of the analysis software and technical
assistance in this study. and Gretchen Houd and Joan Rosel for manuscript
preparation.
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